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Abstract. Through the use of populations of marked individuals over a 4-yr period, I studied the 
demographic impact on a temperate forest shrub, witch-hazel (Hamamelis virginiana), ofpredispersal 
seed predation by a host-specific weevil (Pseudanthonomus hamamelidis). The general consequences 
of seed predation for witch-hazel recruitment are dependent upon the interaction of seed predation 
with the pattern of annual fruit production. Fruit production was poor in 1977 and 1978, and in these 
2 yr, seed predation intensities (percent fruits attacked per crop) averaged 80-90%. In 1979, fruit crop 
sizes increased dramatically, resulting in only 45% seed predation on average. Fruit production de-
clined again in 1980, and the weevils were able to attack nearly 100% of the available fruit. Thus at 
the population level, successful seed production is episodic, with large numbers of seeds being pro-
duced in the occasional good fruiting year through satiation of seed predators. The host specificity 
of Pseudanthonomus provides a mechanism for direct limitation of weevil population size in poor 
fruiting years. 
I also evaluated the effect of seed predation on the relative contributions of different witch-hazel 
individuals to successful seed production. The distribution of individual plant fecundity in any given 
year is highly skewed, with only a few plants in the population producing large fruit crops. In any 
given year, more fecund plants incur neither higher nor lower percent fruit attack on average than 
less fecund individuals. Seed predation therefore does not change the relative contributions of dif-
ferent-sized individuals to annual seed production; more fecund plants produce more viable seeds 
than do less fecund plants, and the few highly fecund individuals in the population make a dispro-
portionately large contribution. Between-plant variation in witch-hazel fecundity is thus significant 
demographically, even though it may not be subject to natural selection from seed predation pressure 
in these populations. The spatial distribution of witch-hazel is highly clumped, with few individuals 
being very isolated from conspecifics. Spatial isolation reduced the probability of a plant's location 
by weevils only in the case of small, low-fecundity individuals; large individuals, in contrast, were 
likely to be found regardless of distance from other conspecifics. Among the larger plants there were 
slight but nonsignificant tendencies for percent fruit attack to be lower with increased distance from 
conspecifics. Spatial isolation in this system seems important in lowering seed predation intensity 
only in interaction with individual plant fecundity. 
Key words: Curculionidae; Hamamelis virginiana; mast fruiting; Michigan; plant demography; 
predator satiation; Pseudanthonomus hamamelidis; seed predation; weevil; witch-hazel. 
INTRODUCTION 
Seed production is a critical stage in the life history 
of plants. Seeds contribute to adult replacement and 
to increases in local population size, and are also the 
means of dispersal to areas distant from the local pop-
ulation (cf. Harper 1977). Predation by animals is a 
potentially important influence on the seed stage, with 
consequences for plant abundance, distribution, and 
evolution (Harper eta!. 1970, Janzen 1971, Brown et 
a!. 1979). Considerable interest has focussed upon in-
terspecific and community patterns of coevolution be-
tween seed predators and their host plants (e.g., Jan-
zen 1969, Smith 1970, Dolinger et a!. 1973, Bradford 
and Smith 1977). The short-term demographic aspects 
of seed predation have only recently been investigated 
in detail, yet knowledge of the effects of seed preda-
tion at the level of single populations is important to 
1 Manuscript received 6 June 1981; revised 16 March 1982; 
accepted 14 April 1982. 
2 Present address: Department of Botany, Duke Univer-
sity, Durham, North Carolina 27706 USA. 
understanding the mechanisms that might generate the 
hypothesized coevolved patterns. 
Seed predation may influence plants at both popu-
lation and individual levels. At the population level, 
potential effects include: (I) lower recruitment rate due 
to reduction in occupancy of "safe sites" (Harper 1977) 
suitable for germination and establishment, (2) discon-
tinuous recruitment due to periodic or "mast" fruiting 
and the accompanying satiation of seed predators 
(Janzen 1971), and (3) alteration of adult distribution, 
if seed predation is density dependent (Janzen 1970, 
but see Hubbell 1980). The potential consequences of 
seed predation at the individual level are more inter-
esting but less widely explored. Particularly when seeds 
are immature and still retained on the parent, adult 
characters such as fecundity, timing of seed produc-
tion, and spatial location may influence the severity of 
predispersal predation on different individuals ( cf. 
Moore 1978a). The ecological result is that the relative 
contribution of some adults to successful seed pro-
duction will be greater than that of others, and may 
be so consistently from year to year. The evolutionary 
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FIG. 1. Growth and development of witch-hazel fruits in 
relation to the seasonal phenology of Pseudanthonomus 
hamamelidis oviposition and new adult emergence. Esti-
mates of mean fruit diameter at each time interval (closed 
circles) are based on samples of at least 30 fruit; vertical lines 
are one standard deviation on either side of the mean. 
"Aborted" fruits cease growth and are not used by weevils 
for oviposition. 
result is a selective force upon adult characters that 
confer relative escape from predation, if these traits 
are heritable. Few studies have considered the extent 
and causes of individual variation in losses to seed 
predators (Moore 1978a, b, Silander 1978, Zimmerman 
1980, De Steven 1981b), and generally not for more 
than a single year. 
I studied predispersal seed predation by a host-spe-
cific insect (Pseudanthonomus hamamelidis Pierce, 
Coleoptera: Curculionidae) on witch-hazel (Hama-
melis virginiana L., Hamamelidaceae), a common 
temperate forest shrub, with attention to the potential 
demographic consequences at both the population and 
individual levels. The severity of seed predation was 
quantified over 4 yr, including both high and low levels 
of fruit availability to the weevil. I first assess the 
overall impact of seed predation on the probable pat-
tern of population recruitment, and the interaction of 
seed predation with patterns of witch-hazel fruit pro-
duction. I then evaluate the relative contributions of 
different individuals within populations to successful 
seed production. The effects of fecundity and relative 
spatial isolation from conspecifics, two factors likely 
to influence differential seed predation in this species, 
are assessed through tests of the hypotheses that: (1) 
individual plant fecundity and seed predation intensity 
are inversely related, and (2) greater relative spatial 
isolation results in lower seed predation intensity (cf. 
Janzen 1970). Finally, I also consider aspects of the 
seed predator's population dynamics that have signif-
icant consequences for witch-hazel seed production. 
NATURAL HISTORY 
Plant 
Witch-hazel is broadly distributed over eastern North 
America, coincident with the extent of eastern decid-
uous forest (Preston 1948), and may be found in a 
number of site types (Wood 1974). Mature plants range 
from 3 to 5 m in height, with exceptional individuals 
reaching 8 m (Wood 1974). Plants can produce sucker 
sprouts from the base; however, this capacity is lim-
ited, and individual plants always remain distinct from 
each other. Most plants have 1 to 4 major stems, but 
larger individuals may have up to 10. 
The species is unusual in its autumn flowering habit 
(generally from September to November). Flowers ap-
pear to be insect pollinated but not specialized with 
respect to specific pollinator type. One early worker 
(Graenicher 1906) collected insect visitors from 44 
genera distributed among the Diptera, Hymenoptera, 
Lepidoptera, and Coleoptera. However, the flowers 
are also self-compatible and self-pollinating (D. De 
Steven, personal observation). Despite the autumn 
flowering period, fertilization of ovules is delayed until 
the following May (Shoemaker 1905, Flint 1957), with 
the result that fruit development is coincident with that 
of other forest fruits and nuts. The two-seeded cap-
sular fruits grow to full size by mid-August, but seed 
dispersal does not begin until late September, after a 
ripening period during which the capsule walls become 
woody and seeds mature (Fig. 1). Seed dispersal is 
accomplished by mechanical expulsion from the drying 
and dehiscing capsule; animals appear to play a minor 
role, if any, in seed dispersal (United States Forest 
Service 1974). After dispersal, seeds are dormant for 
two winters prior to germinating (Shoemaker 1905, 
Sandahl 1941). 
Seedling growth rate is variable, depending upon 
moisture and light conditions in the understory (Wood 
1974). The demography of juvenile and adult stages is 
virtually unknown. The shrub's suckering capacity 
permits vegetative persistence of individual plants for 
many years, which complicates demographic analysis 
because the oldest extant stem may be younger than 
the entire plant if older stems have died. The youngest 
flowering ramets in the witch-hazel populations that I 
studied had an estimated age (from stem annual ring 
counts) of 7 yr, but may have been older if they were 
suppressed during the initial seedling stage. The oldest 
stems examined were =30 yr of age. 
Insect 
Pseudanthonomus hamamelidis belongs to a genus 
of small weevils whose larvae feed within fruits or 
flower buds (Burke 1972). Witch-hazel is the only re-
corded host plant (Blatchley and Leng 1916). P. hama-
melidis overwinters in the adult stage. These adults 
emerge from hibernation in mid-May, when fruits are 
set, but oviposition does not begin until mid-June, when 
fruits are sufficiently large to support weevil larval 
growth (Fig. 1). The female weevil bores a hole into 
the fruit pericarp with her snout and deposits an egg 
within the pit. Usually eggs are laid singly on fruits 
(De Steven 1981a). The oviposition marks are quite 
conspicuous on the fruit surface; thus, it is easy to 
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assess accurately whether or not a given fruit has been 
attacked by the weevil. 
Most oviposition is completed by early July. The 
weevil larva burrows into the fruit upon hatching and 
eventually consumes both developing seeds. By mid-
August feeding is complete, and larvae have pupated 
within the damaged fruits. The new adults emerge from 
mid-August to early September, prior to the onset of 
seed dispersal (Fig. 1). These adults hibernate, pre-
sumably in the forest litter, until the following spring. 
METHODS 
Field procedures 
The study was carried out from 1977 through 1980 
at the E. S. George Reserve, Livingston County, 
Michigan, a 464-ha tract of oak-hickory forest, old 
fields, and marshland. A history of the Reserve and a 
detailed description are given in Cantrall (1943). Witch-
hazel is an abundant shrub within the forest and occurs 
there in more or less distinct stands. Four such stands 
were selected for study in widely separated areas of 
the forest. Two stands (Ll and L2) were relatively 
large in extent (>0.2 ha), while the other two (Sl and 
S2) were small, each covering roughly a 20 x 20 m 
area. 
Within each large stand, a 20 x 20 m plot was es-
tablished for intensive study; the two small stands were 
used in entirety as comparable study plots, being of 
similar area. All fruiting witch-hazel plants had been 
individually tagged in 1977, when only preliminary data 
were collected. In 1978, =20 individuals were selected 
randomly from the sample pool of marked plants in 
each plot to serve as the sample plants for each site. 
Any of the selected plants not bearing fruit was re-
placed by another drawn from the sample pool. In 
addition, to provide supplemental data on the effects 
of spatial isolation, three to five plants were added to 
the samples in each site specifically on the basis of 
their unusually large distances from other conspecif-
ics. In the following year, 1979, the same individual 
plants were used initially. Any among these not bear-
ing fruit were replaced either by plants that had been 
eliminated from the 1978 initial random sample for lack 
of fruit in that year, or (if these still bore no fruit in 
1979) by new individuals from the original sample pool. 
The same plants were used again in 1980, with any 
necessary substitutions being made from the 1978 
sample as before. Usually only one to two plants had 
to be replaced in this manner in a given site, so that 
overlap in individual composition of the sample plants 
was quite high between years. In general, the sample 
from each plot in each year contained 25-27 plants; 
however, the samples were smaller in the small plots 
(Sl and S2) in 1978 because relatively few plants fruit-
ed in those sites in that year. Including those individ-
uals that fruited in one year and not another, a total 
of 105 individuals was monitored over the 4 yr, 1977-
1980. 
For each sample plant in each year, both the total 
number of fruits and the number of these with weevil 
oviposition marks were counted directly. The former 
provides an estimate of the number of fruits available 
to the weevils (which I refer to as plant fecundity in 
this paper), and the latter estimates predation intensity 
on individual fruit crops. These counts were made in 
the 1st wk in July, just after the weevil's peak ovi-
position period but before substantial abortion of fruits 
damaged by larval feeding (De Steven 1982). These 
counts are not equivalent to fruit-set, because some 
fruits are physiologically aborted before weevil ovi-
position begins (De Steven 1982; cf. Fig. 1), but I use 
these counts as measures of fecundity because they 
represent the fruit crop sizes that the plants would 
probably mature if no mortality from animals oc-
curred. At the end of the growing season in early Sep-
tember, the total number of viable fruit remaining on 
each plant in each year was counted directly as well, 
to provide estimates of the number of seeds available 
for dispersal. 
For each plant, distances (taken between the bases 
of stem clumps) to the three nearest witch-hazel plants 
also in fruit in a given year were measured and aver-
aged to provide an index of relative spatial isolation. 
Analysis 
Frequency distributions of plant fecundity and per-
cent fruit attack were markedly non-normal; in these 
cases, descriptive statistics are presented as medians 
bracketed by the 25th and 75th percentile. In other 
cases, data met the assumptions of parametric statis-
tical tests when transformed logarithmically. Because 
many plants had extremely low fecundity (<10 fruits) 
and thus a large variance in the estimates of predation 
intensity (percent fruit attack), tests involving per-
centage predation estimates were performed only on 
the subset of plants with fecundities of 10 or more 
fruit. Nonparametric tests were used when analyzing 
percentage data. 
RESULTS 
Witch-hazel fruit production 
Individual fecundity is highly variable within pop-
ulations in any given year (Fig. 2). Most plants pro-
duce <50 fruits, and only a small number bear more 
than a few hundred fruits. The skewed distributions 
reflect in part the size structure of the reproductive 
population, as fruit-set and stem basal area (an index 
of plant size) were positively correlated (for 1978, r = 
.75, n = 70, P < .01), and fecundity (fruits available 
to weevils) is directly proportional to initial fruit-set 
(for 1978, r = .93, n = 82, P < .01; correlations sim-
ilar for other years; D. De Steven, personal observa-
tion). 
Annual fruit production varied significantly over the 
period of the study (Kruskal-Wallis H = 20.3, df = 3, 
P < .001). Fruit crop sizes were similar in 1977 and 
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FIG. 2. Frequency distribution of individual witch-hazel 
plant fecundity from 1978 to 1980. Fecundity values represent 
the number of fruits available to weevils for oviposition. 
Available fruits are those which escaped physiological abor-
tion before weevil oviposition began. 
1978 (Fig. 3A), although the 1977 data were incomplete 
and collected somewhat later in the summer than dur-
ing the other years of the study. In contrast, the sam-
ple plants produced many more fruits in 1979 (Fig. 3A) 
(Mann-Whitney U = 2668.5, n 1978 = 82, n 1979 = 93, 
P < .001). A matched-pairs test (Wilcoxon's signed-
ranks test, sum of ranks = 2249.0, n = 72, P < .001) 
shows this general increase to be the result of the com-
mon behavior of most individuals in the population, 
i.e., most plants increased fruit crop size from 1978 to 
1979. In 1980, fruit production generally declined, al-
though the difference was not significant (V = 3455.0, 
n1979 = 93, n,9so = 86, P = .12), and it was somewhat 
higher than the 1977-1978 levels (Fig. 3A). Again, most 
individuals participated in the general decrease in fruit 
production from 1979 to 1980 (Wilcoxon's signed-ranks 
test, sum of ranks = 2102.5, n = 78, P < .001). Thus 
a productive year was interspersed with three rela-
tively poor fruiting years, and individuals were syn-
chronized in this behavior. 
Site-specific data for 3 yr are included in Appendix 
1. Each site exhibited the general trend of a fecundity 
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FIG. 3. A. Annual variation in witch-hazel fecundity from 
1977 to 1980. The circles are medians, and vertical lines 
bracket the interval from the 25th to 75th percentile. Num-
bers above each vertical line are numbers of plants in each 
annual sample. B. Viable fruits remaining on the plants at 
the end of the growing season from 1978 to 1980. Interpre-
tation as in 3A. 
increase in 1979 and decline in 1980 except site S2, 
where median crop sizes remained similar over all 3 
yr (Kruskal-Wallis H = .14, df = 2, P P .10). This 
site showed an interesting departure from the general 
pattern of seed predation observed, as indicated in the 
next section. 
Weevil seed predation: population patterns 
Predation intensity is measured as the percentage of 
an individual's fruit crop attacked by weevils. I distin-
guish between weevil attack (oviposition on fruits) and 
weevil damage (actual seed destruction) because, as 
explained later, weevil larvae may die within the fruits 
before completely destroying both seeds. 
Predation intensities in the 4 yr of the study are 
summarized in Fig. 4. When the study was initiated in 
1977, it appeared that nearly all fruits were infested by 
the weevils, and in 1978, when more complete data 
were collected, predation intensities were again high, 
generally >80%. In 1979, when fruits were much more 
abundant, weevil attack was significantly lower, av-
eraging 45% (U = 363.0, n 1978 = 50, n 1979 = 68, P < 
.001). In 1980, when fruit crops had declined from 1979 
levels, predation intensities were quite high. 
On a site-by-site basis, where fecundity exhibited 
strong increases from 1978 to 1979, seed predation in-
tensities were reduced; however, in site S2, where fe-
cundity had not increased, no real reduction occurred 
(forS2: U = 37.0, n 1978 = 8, n 1979 = 14,P > .lO;tests 
significant for all other sites; Appendix 2). 
Fruits with both seeds damaged by weevil larval 
feeding are aborted and fall from the plant; larval de-
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velopment can still proceed within them. By the end 
of the summer, only fruits containing viable seeds re-
main on the plants, and there are minor fruit losses to 
mammals up to the time of seed dispersal (De Steven 
1982). Counts of remaining viable fruit for 3 yr, com-
pared to initial fecundities, are summarized in Fig. 3B. 
The combination of higher fruit production and lower 
seed predation intensity resulted in substantially great-
er viable fruit production in 1979 than in either 1978 
or 1980 (H = 38.7, df = 2, P < .001). Counts of via-
ble fruit were not made in 1977 but were probably 
comparable to 1978, since these 2 yr were similar in 
having low fruit production and high weevil attack. 
Thus the input of viable seeds into the soil is substan-
tially higher in a year of good witch-hazel fruit pro-
duction than during years of poor production, and this 
pattern is enhanced as a result of weevil seed preda-
tion. This episodic pattern of viable fruit production 
was similar in all sites except S2, where similar num-
bers of fruits were produced in both 1979 and 1980 
(Appendix 3). 
Often only one seed within a fruit is damaged by 
weevil feeding, the other seed remaining intact be-
cause the weevil larva dies before completely destroy-
ing the fruit (see below). The mean number of seeds 
per viable fruit was 1.4 in both 1978 and 1979 (n = 
853) and 1.0 in 1980 (n = 44). 
Weevil seed predation: variation 
among individuals 
Effect of fecundity.-Fecundity is highly variable 
and skewed in distribution, with only a few individuals 
producing large numbers of fruit (cf. Fig. 2). The re-
lationship between individual fecundity and predation 
intensity is presented for each year in Fig. 5. Large 
variation in percent fruit attack is apparent in all years, 
especially among those individuals whose fecundities 
are very low (<10 fruits) and variances correspond-
ingly high due to the small sample size represented by 
a small fruit crop. While the percentage estimates for 
such small, low-fecundity plants are statistically un-
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FIG. 5. Percent of individual witch-hazel fruit crops at-
tacked by weevils as a function of plant fecundity from 1977 
to 1980. 
reliable, their variability also probably reflects biolog-
ical features of the predation process. If small plants 
are located by weevils, most or all of the fruits will be 
attacked, since female weevils may lay at least 3-6 
eggs/d (D. De Steven, personal observation); how-
ever, such plants may be missed entirely and thus will 
sustain no damage. Larger plants, in contrast, are more 
likely to be found by weevils. The small, low-fecundity 
plants will be considered in more detail in the next 
section. For plants with fecundities :;, 10 fruit, percent 
attack and fecundity were inversely related in 1978 
(Spearman's coefficient of rank correlation, r8 = -.30, 
n =50, P < .05), but not in 1979 (r. = -.13, n = 68, 
P > .10) or 1980 (r, = - .04, n = 58, P > .10). Lim-
ited data from 1977 also showed no significant de-
crease in percent attack with increasing fruit crop size 
(rs = -.29, n = 27, P > .10). The lower average pre-
dation intensities in 1979 relative to the other years 
are also evident from Fig. 5. 
Although higher individual fecundity did not consis-
tently reduce the intensity of predation, more fecund 
plants nonetheless maintain an absolute advantage in 
escape from seed predation. Because there is no strong 
relationship, either positive or negative, between fe-
cundity and percent attack, it follows that the absolute 
number of fruits attacked is a positive function of in-
dividual plant fecundity, i.e., more fecund plants at-
tract more seed predators and incur more absolute 
damage (Table 1). However, the number of fruits es-
caping weevil attack is also a positive function of in-
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dividual fecundity (Table 1). All plants abort damaged 
fruits equally, with the result that, by the end of the 
growing season, the larger, more fecund plants mature 
a greater absolute number of viable fruits and seeds 
than do smaller, less fecund plants (Fig. 6). This oc-
curs in all years, regardless of the average level of 
predation. As a consequence of the relatively low fre-
quency of highly productive individuals in the popu-
lation as a whole (Fig. 2), a few relatively fecund plants 
contribute disproportionately to annual seed produc-
tion. Fifteen percent of the plant individuals produced 
62% of all the viable fruits remaining at the end of the 
season in 1978, 68% in 1979, and 58% in 1980. 
Effect of spatial isolation.-The spatial distribution 
of witch-hazel is highly clumped, with plants occurring 
in relatively dense stands separated by 20 m or more 
from other stands. From the point of view of seed 
predation, the relevant distances are those between 
fruiting neighbors, since reproductives are both source 
and target for searching adult weevils. The mean 
neighbor distances of most reproductive individuals 
within stands are 2-3 m, in contrast to the much great-
er distances between stands (Fig. 7). The generally 
TABLE I. Correlationt between individual witch-hazel fe-
cundity and the absolute effects of fruit attack by weevils. 
Fecundity vs. I978 1979 I980 
Number of fruits attacked 0.94** 0.89** 0.97** 
Number of fruits not attacked 0.63** 0.96** 0.6I ** 
Number of plants 82 93 86 
t Pearson product-moment correlation (r) on log-trans-
formed data. 
** p < .01. 
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for the witch-hazel plants in the 1978-1980 samples. Shaded 
area represents the plants specifically selected for their great-
er isolation from neighbors. 
short interplant distances within stands are especially 
evident when individuals indicated by the shaded areas 
in Fig. 7 are not considered, since those plants were 
deliberately selected for their more extreme isolation 
from conspecifics. Such isolated individuals were dif-
ficult to locate in any quantity. The spatial distribution 
shifted toward shorter interplant distances in 1979 (Fig. 
7) because more plants fruited in that year than in 1978 
or 1980; thus, nonfruiting neighbors in 1978 often be-
came fruiting neighbors in 1979. 
The relative rarity of isolation could provide a dis-
proportionately large advantage in escape from seed 
predation to those few individuals that do happen to 
establish far from conspecifics. In order to test this, 
plants were placed into one of three classes based on 
mean neighbor distance (<5, 5-10, and ~dO m, re-
spectively). The probability of being located by wee-
vils (i.e., the percentage of plants with any fruit attack 
at all) declined significantly with distance category (test 
for linear trend in proportions [Snedecor and Cochran 
1967]: for 1978, b = .22, sb = .08; for 1979, b = .16, 
sb = .07; for 1980, b = .13, sb = .04; all P < .05). 
However, as previously noted, small, low-fecundity 
plants may be found less often by weevils, and many 
of the isolated plants in the sample were also small. 
When the effect of relative spatial isolation was ex-
amined separately for plants with low fecundity ( < 10 
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TABLE 2. Probability of location of witch-hazel plants by 
weevils as a function of plant fecundity and plant spatial 
isolation. 
Mean 
neighbor 
distance 
(m) 
<5 
~5, <10 
~10 
<5 
~5, <10 
~10 
%of plants with some fruits infested (n) 
1978 1979 1980 Combined 
Fecundity: <10 fruits per plant* 
58 (19) 57 (21) 90 (21) 69 (61) 
40 (I 0) 0 (2) 67 (3) 40 (15) 
0 (3) 0 (2) 50 (4) 22 (9) 
Fecundity: ~10 fruits per p1antt 
100 (41) 97 (59) 100 (52) 99 (152) 
83 (6) 100 (4) 100 (3) 92 (13) 
100 (3) 80 (5) 100 (3) 91 (II) 
* Test for linear trend in proportions (Snedecor and Coch-
ran 1967): 1978: b = .25, sb = .13, P = .055; 1979: b = .34, 
sb = .17, P < .05; 1980: b = .20, sb = .10, P < .05. 
t Test for linear trend not significant for 1978 and 1979; no 
test required for 1980. 
fruits) and plants with higher fecundity (~ 10 fruits), 
two results emerged (Table 2). First, the probability 
of location was significantly lower for low-fecundity 
plants as a group than for high-fecundity plants 
(x21978 = 26.8, x21979 = 25.8, x21980 = 7.98; df = 1; all 
P < .05). Second, although the yearly samples are 
small, the lower probability of detection by weevils 
with increasing distance appears significant only for 
the small-plant category. Thus the overall distance ef-
fect was the result of an interaction of spatial isolation 
with plant size. Small, distant plants have a lower 
probability of attack by weevils, but isolation is not 
likely to prevent searching weevils from locating larg-
er, more conspicuous plants. 
If large interplant distances do not affect the prob-
ability of location of larger plants, they may nonethe-
less reduce the intensity of seed predation on individ-
ual fruit crops by reducing the number of successful 
encounters by weevils. Among the more fecund plants 
(~ 10 fruits), percent fruit attack tended to decrease 
with increasing spatial isolation (Fig. 8; data are sum-
marized according to distance category in the figure 
due to the small numbers of isolated plants). However, 
correlations between percent attack and mean neigh-
bor distance were not significant in any year (Spear-
man's coefficient of rank correlation: r8 •1978 = - .18, 
n = 50; r8, 1s19 = -.11, n = 68; rs.I980 = .09, n = 58; 
all P > .10). There was a large variance in predation 
intensity even among closely spaced plants. Sufficient 
distance data were not available for 1977. The declin-
ing trend seemed strongest in 1979, with four of the 
five very isolated plants having very little fruit infes-
tation (Fig. 8). 
Weevil mortality 
Oviposition on a fruit does not necessarily result in 
the destruction of that fruit. An average of 26% of all 
eggs laid on witch-hazel fruits fail to hatch, and among 
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FIG. 8. Percent of individual witch-hazel fruit crops at-
tacked by weevils as a function of mean neighbor distance 
category. Only plants with fecundities of ~ 10 fruits are in-
cluded; numbers above each category are sample sizes. For 
the category <5 m, horizontal line is the median, the vertical 
line is the range, and the rectangle brackets the interval from 
the 25th to 75th percentile. Individual values are plotted sep-
arately for plants in the other two categories. 
the larvae that do hatch successfully, another 53% die 
in early instars, often before they damage the second 
seed in the fruit (De Steven 1981a). Any remaining 
undamaged seeds in such fruits continue to develop 
and mature. For the weevil, this egg and early larval 
mortality is relatively constant from year to year (De 
Steven 1981a), but its effects on witch-hazel seed pro-
duction are dependent upon the extent of fruit attack 
in any particular year. In 1978, when percent fruit at-
tack was quite high, 63% of the viable fruits that re-
mained had initially contained weevil eggs or larvae, 
while in 1979, when predation intensity was much re-
duced, only 29% of the remaining viable fruits had 
initially been attacked by the weevils (n = 219 and 
907, respectively). Comparable data for 1980 were not 
obtained, but would probably have exceeded the 63% 
of 1978, since predation intensities in that year were 
nearly 100%. Thus weevil mortality within fruits tends 
to counter the effects of high predation intensities in 
poor fruiting years. 
DISCUSSION 
The fluctuating pattern of fruit production is a key 
feature in understanding the demographic impact of 
Pseudanthonomus seed predation on witch-hazel. The 
weevil is host specific and univoltine; thus, its popu-
lation dynamics are directly linked to these fluctua-
tions (De Steven 1982). In poor fruiting years, ovipo-
sition sites are limited due to the low fruit abundances, 
attack percentages on fruit crops are high, and the size 
of the weevil generations produced is small. Attack 
need not equal 100% in order for the weevils to be 
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resource-limited in such years, since searching weevils 
may be unable to find particular individual plants be-
cause these are small, have very few fruits, or are 
extremely isolated from conspecifics. Following poor 
fruiting years, the fruit crop in a productive year "sa-
tiates" the relatively small weevil population, with the 
result that seed predation intensities are substantially 
lower, and many more seeds escape predation. Con-
tinued high fruit production would allow annual in-
creases in weevil numbers and in fruit attack; how-
ever, any reductions in fruit production following a 
good year will lower weevil population size again, and 
fruit attack will be quite high. The result for witch-
hazel is a pulse of successful seed production in the 
occasional productive year that satiates the seed pred-
ator population. Similar patterns of high seed preda-
tion in years of poor seed production have been ob-
served in a number of forest trees, where fluctuating 
fruiting patterns also appear to regulate seed predator 
populations (Christisen 1955, Abrahamson and Kraft 
1965, Mattson 1971, Miller 1973, Gardner 1977). 
Silvertown (1980) emphasizes that general mecha-
nisms exist for generating a periodic, or mast, fruiting 
pattern. Coarse supra-annual fruiting synchrony can 
be enforced by environmental cues favoring good fruit 
crops (e.g., Wenger 1957). There also appears to be a 
negative feedback of a large fruit crop upon internal 
resource allocation for subsequent crops, such that 
good fruiting years seldom occur sequentially (Mat-
thews 1963, Kozlowski 1971). Against this back-
ground, Silvertown (1980) found empirical support for 
the hypothesis (Janzen 1971) that seed predators can 
act as a selective force favoring mast fruiting, due to 
the excessive seed losses incurred by the asynchro-
nous individuals that fruit in off-peak years. Mattson 
(1978) suggested that high predispersal seed predation 
in poor fruiting years might also enhance fruiting pe-
riodicity if, by preventing seeds from maturing, the 
resources that would have been used for maturation 
are instead stored for use in a subsequent, and hence 
larger, crop. This mechanism is especially interesting, 
because it suggests an effect of seed predation, exerted 
directly on the parent plant, that might increase fruit-
ing periodicity over a shorter time scale than that re-
quired for selection against asynchronously fruiting in-
dividuals through reduction in their progeny 
contribution to later generations. While the masting 
habit appears to be underrepresented among shrubs in 
comparison with trees (Silvertown 1980), witch-hazel 
has highly edible seeds susceptible to extremely heavy 
predation, and given its seed predator's host specific-
ity, any tendencies to increase fruiting periodicity 
would appear to be selectively favored. 
A further consideration is the 2-yr dormancy of 
witch-hazel seeds prior to germination (Sandahl1941). 
Shoemaker (1905) reported high seedling recruitment 
2 yr following a good witch-hazel fruit crop and almost 
no seedling production 2 yr after a crop failure. But 
whrle the pulse of high seed production in good fruiting 
years may carry over into a pulse of high seedling 
recruitment, the extended seed dormancy period may 
place those seedlings into a year when conditions for 
seedling establishment are poor, and seeds produced 
in poor fruiting years may contribute disproportion-
ately to witch-hazel recruitment if they germinate in 
years especially favorable for seedling establishment. 
Within plant populations, Moore (1978a) has sug-
gested that individual variation in susceptibility to seed 
predation may indicate potential selective pressures 
on those plant traits that influence this variation. Such 
interpretations require caution, because the variation 
in plant traits that contribute to relative escape from 
seed predation may be primarily phenotypic rather than 
genotypic in origin. Nonetheless, differential seed pre-
dation may influence the relative contributions of in-
dividuals to short-term population dynamics. I consid-
ered two factors likely to influence relative predation 
intensity on witch-hazel individuals: plant fecundity 
and plant spatial isolation. 
Variation in individual fecundity did not result in 
differential seed predation intensity among witch-ha-
zel plants in any given year, thus the relative seed 
outputs of different-sized plants were not altered be-
yond the variation in fecundity already existing. That 
this and other studies (Moore 1978b, De Steven 1981b) 
have failed to find such a relative advantage of plant 
fecundity (or plant size, a correlate of fecundity) sug-
gests that large seed crops are generally more con-
spicuous and attract more seed predators than small 
crops. Seed predation is therefore not acting selec-
tively to favor some individuals over others in any 
particular year. The demographic significance of the 
greater absolute seed output of larger plants is a time-
dependent consequence of witch-hazel's perennial 
habit. Individuals will contribute most to their own 
reproduction and to demographic processes when they 
are older, since plant size and fecundity are increasing 
functions of age. Also, while individuals with inher-
ently high fecundity will be favored reproductively, so 
also will those plants that happen to establish in fa-
vorable sites promoting rapid, vigorous growth that 
results in phenotypically higher productivity. 
Spatial isolation from conspecifics is often cited as 
a factor likely to reduce predation on individual seed 
crops, and some models use this concept to account 
for high tree species diversity in tropical forests as the 
result of a lowered probability of seed destruction with 
increased distance from parent trees (Connell 1970, 
Janzen 1970). Hubbell (1980) has demonstrated that 
plants generally lack the uniform spatial distributions 
predicted by these models and that spacing due to den-
sity-dependent seed predation cannot alone permit large 
numbers of plant species to coexist. However, his 
analysis only indirectly addresses the question of 
whether, in particular cases, seed predators act in a 
distance-dependent manner to result in lower seed 
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predation on individuals isolated from conspecifics. 
While some studies have indeed demonstrated an in-
verse relationship between seed predation intensity and 
plant spatial isolation (Vandermeer 1974, Silander 
1978), many others have failed to find such a relation-
ship (Connell 1970, Wilson and Janzen 1972, Platt et 
al. 1974, Moore 1978b, De Steven 1981b). 
Witch-hazel exhibits a clumped spatial distribution; 
seed dispersal distances are probably not more than a 
few metres (Billington 1943). Within populations, spa-
tial isolation of individuals outside of these clumps 
reduced the susceptibility of small, low-fecundity plants 
to seed predation, but larger individuals were likely to 
be found regardless of distance from neighbors. Dis-
tance may also reduce the extent of fruit attack on 
larger plants, although the effect was weak. These re-
sults suggest an initial reproductive advantage to small, 
young witch-hazel plants that establish far from con-
specifics in comparison with similar-sized plants in ex-
isting stands. However, this advantage is likely to de-
crease as these plants grow larger and produce larger, 
more conspicuous seed crops. Consequently, there 
would probably be no long-term change in the degree 
of spatial aggregation of witch-hazel populations and 
no long-term advantage to increasing interplant dis-
tance. 
Other plant traits could influence differential seed 
predation on individuals, but they were not examined 
in this study. Since witch-hazel fruit initiation is syn-
chronous because of the climatic timing of fruit-set in 
spring, within-year variation in individual fruiting phe-
nology (e.g., Augspurger 1981) is unlikely to account 
for any differential seed predation. Plant chemistry 
could also influence predation intensity if some indi-
viduals had higher concentrations of potentially deter-
rent compounds in fruits than others (e.g., Moore 
1978b). However, in witch-hazel such a chemical fac-
tor might more likely operate at the level of affecting 
weevil larval mortality within fruits rather than influ-
encing the probability of attack on different plants, 
since all plants appear suitable for weevil oviposition. 
Possibly at least a portion of the weevil larval mortal-
ity within witch-hazel fruits is the result of a chemical 
antibiosis effect. 
In summary, the seed weevil Pseudanthonomus 
hamamelidis affects witch-hazel recruitment most 
strongly at the population level by generating an epi-
sodic pattern of high seed production in good seed 
years that satiate seed predators alternated with low 
production in poor years when seed predation is ex-
tensive. This pattern is an outcome of the synchro-
nized fruiting behavior of individual plants and thus 
favors individuals whose fruit crops vary in concert 
with conspecifics. However, beyond this general ef-
fect, seed predation does not appear to distinguish 
among individuals, at least with respect to their fe-
cundity or spatial isolation, except where small, in-
conspicuous plants gain a temporary advantage in re-
duced seed loss when they are spatially isolated from 
neighbors. 
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APPENDIX 1 
Annual variation in median (25-75th percentile) fecundity 
of witch-hazel, by site. 
1978 1979 1980 
Site Fecundity n Fecundity n Fecundity n 
L1 15 (4-31) 25 34 (8-244) 27 39 (7-85) 21 
L2 30 (6-48) 25 47 (11-164) 26 18 (4-83) 24 
Sl 7 (4-61) 19 77 (9-210) 22 25 (7-172) 20 
S2 36 (6-76) 13 30 (7-89) 19 34 (9-69) 21 
APPENDIX 2 
Percent of individual witch-hazel fruit crops attacked by 
weevils from 1978 to 1980, by site. Data are given as median 
percent (25-75th percentile) for plants with fecundities ;,10 
fruit. 
1978 1979 1980 
%fruit %fruit %fruit 
Site attacked n attacked n attacked n 
L1 100 (96-100) 15 47 (38-67) 19 99 (97-100) 14 
L2 86 (77-92) 18 43 (30-50) 20 90 (83-96) 16 
Sl 82 (53-89) 9 22 (15-34) 15 96 (88-98) 13 
S2 60 (42-82) 8 52 (13-71) 14 94 (81-97) 15 
APPENDIX 3 
Annual variation in median (25-75th percentile) viable witch-
hazel fruits remaining at the end of the growing season, by 
site. 
1978 1979 1980 
Site No. fruits n No. fruits n No. fruits n 
L1 2 (0-4) 24 23 (6-184) 27 3 (1-25) 20 
L2 8 (2-17) 25 13 (8-38) 26 5 (2-24) 22 
Sl 4 (2-12) 16 41 (8-117) 21 II (3-33) 14 
S2 4 (1-13) 13 12 (2-32) 19 10 (2-20) 19 
